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ABSTRACT [Maximum 200 words)
The relaxation time scale in glassy materials is derived within a model of anomalous defect diffusion. The effect of the defects on ion-doped polymeric glasses is to produce a stretched exponential waiting time distribution for ion jumps. The characteristic time scale for ion jumps is connected to the temperature and pressure dependent concentration of mobile defects. on the (temperature and pressure dependent) mobile defect concentration. In this model, the defects carry free volume and can unfreeze the parts of the glass that they visit. With enough defects the glass is not frozen. As the temperature is lowered, defects cluster, and the number of mobile defects decreases. As this occurs, the material becomes more viscous (rigidity begins to set in). At 7\, the defect concentration decreases to the point where rigidity percolates, and the glassy state is formed. Relaxation, however, is still occurring. A phase transition in the number of mobile defects, as the temperature is lowered towards T c , creates the behavior characterized by eq. (2).
Equation (2) has consistently been as good as or better than the Vogel law (eq. 1) for
Q
fitting ionic conductivity, dielectric relaxation and viscosity data for glass-forming materials ' .
The Vogel law often fails to fit data adequately near T g and an Arrhenius law is sometimes used near T , in conjunction with a Vogel law in the region above T g . Equation (2) provides a consistently better fit throughout both regions.
In this paper we have extended eq. (2) to include the effect of pressure. It will be demonstrated that the resultant generalized Vogel-type law, eq. (6), successfully describes measurements of ionic conductivity in salt-containing, glass-forming liquids, such as those frequently used as the electrolyte in a battery.
II. THEORY
Consider a glass-forming material possessing a concentration c of defects, where c," of these are mobile. Ion hopping motion at an ion occupied site occurs, at time t, due to the flux of defects, F(t), into that site. To calculate F(t) we employ a waiting time probability density, y/(t), Since only the defects are mobile in the model, as the temperature is lowered, the defects cluster (or correlate their motion) to lower the system entropy. We now make the assumption that single defects, of concentration c,, are more mobile than a cluster of defects. We therefore replace c m in eq. (4) -Vfl.
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where B = -(Ld 0 f \n(l-cj $. This represents a new relaxation law that is Vogel-like, but with a 3/2 temperature exponent and the inclusion of pressure effects. Note that T c is a function of P.
In an ion-containing polymeric glass-forming material, as described by our model, ion transport is controlled by the defects and it is assumed that the relaxation times for ionic conductivity are the same as those for dielectric relaxation. Consequently, a model of conductivity can be developed as follows. Although an individual defect has an infinite waiting time between jumps, the ion, hit by a flux of defects, has the stretched exponential waiting time distribution. All the temporal moments of the stretched exponential are finite, including the first {T-Tj\\-8).
Basically, as the pressure is increased, defects are pushed closer together and become more clustered leaving fewer single (mobile) defects. This will decrease the defect flux, increasing the time scale x, and thus decreasing the conductivity o.
An equation for the viscosity, r\, follows by applying the Stokes-Einstein
, where r 0 is the effective ion radius.
67tDr 0
III. COMPARISON WITH EXPERIMENT
For the purpose of comparing the theory of the ionic conductivity with experiment, eq. (7) is written as follows:
(T-T c f' 2 (\-S)
where A a and B are constants. The ö'm the denominator of the pre-exponential accounts for the increase in ion concentration as pressure increases. Other terms in the pre-exponential may be pressure dependent but are taken to be constant in the present paper. It is assumed that the volume of the material changes with pressure according to:
This form is chosen as it is supported by the PVT data of Zoller and Walsh. 10 Finally, the critical temperature is assumed to be pressure dependent.
To summarize the results for ionic conductivity vs. pressure, the theoretical values for In a vs. pressure at three temperatures were calculated using eq. 
